Nestin is an intermediate filament protein, and serves as a hair follicle stem cell and neural stem cell marker. Recent studies have suggested that nestin expression is also important for tumorigenesis. Previous reports from our laboratory have revealed that nestin is a marker of HMB-45-negative melanoma cells in dermal invasive lesions of nodular malignant melanoma. The present study examines nestin expression in malignant melanoma and investigates the relationship between nestin expression and prognosis in patients. We immunohistochemically stained 78 formalin-fixed and paraffin-embedded malignant melanomas for nestin, HMB-45 and S100 reactivity. We found that nestin, HMB-45 and S100 protein were detected in 56.5%, 88.4% and 100% of malignant melanomas, respectively. The 5-year survival rate of stage I and II nestin-positive cases was significantly decreased compared to the nestin-negative cases (p < 0.05). In addition, the 5-year survival rate exceeded 80% in nestin-negative malignant melanomas at all stages of tumor development. We conclude that nestin expression may be a predictor of poor prognosis in patients with malignant melanoma.
N estin is a neural stem cell marker protein that is also expressed in the bulge area stem cell compartment of the hair follicle. Nestin-expressing hair follicle stem cells give rise to the outer root sheath and the nestin-expressing interfollicular vascular network. Nestinexpressing stem cells isolated from the hair follicle bulge region are negative for the keratinocyte marker keratin 15 (K15), and are able to differentiate into numerous cell types in vitro, including neurons, glia, keratinocytes, smooth muscle cells and melanocytes. This primitive state demonstrated by the nestin-positive stem cells is compatible with their pluripotency [1] [2] [3] [4] [5] [6] [7] [8] [9] . Moreover, as various types of cutaneous tumors, including melanoma, originate from the hair follicle and/or epidermal stem cells [10] , nestin expression is thought to be important in tumorigenesis. In the present study, we examined nestin expression in malignant melanoma and investigated the relationship between nestin expression levels and the prognosis of patients with malignant melanomas.
Materials and methods

Patients and tumor collection
Formalin-fixed and paraffin-embedded tissues were obtained from 78 (35 male and 43 female) malignant melanoma patients who were observed over a period of at least 5 years and who were surgically resected at the Department of Dermatology or Plastic Surgery of Kitasato University Hospital in Japan. The patients (4 to 85 years old; median, 56.6 years old) between 1988 and 2004 were retrospectively reviewed. And we observed the five year or more passages (the longest is 21 years) of all the cases, excluding the patients who died within five years. All patients underwent subsequent tumor excision. The tumor samples analyzed were obtained from central areas of the primary tumor. Paraffin blocks representing the most typical tumor tissue (mainly central portions of primary tumors) were selected, and 4-μm thick sections were prepared for immunohistochemistry. The samples were histologically analyzed according to the pathological staging criteria of the American Joint Committee on Cancer (AJCC) and subdivided into 6 cases of stage 0, 18 cases of stage I, 33 cases of stage II, 13 cases of stage III and 8 cases of stage IV. The majority of patients in stages II to IV, 51 out of 54, (without three patients in Stage IV), received chemotherapy (DAV-F: intravenous (i.v.) dacarbazine, 160 mg/m 2 /day on days 1-5; nimustine, 80 mg/m 2 /day i.v. on day 1; vincristine, 0.8 mg/m 2 /day i.v. on day 1; and β-feron, 3 million Units s.c. on days 1-5). The survival time was calculated as the date of surgery to the date of death. Informed consent was obtained from all patients prior to admission into the study. This study was approved by the Ethics Committee of Kitasato University School of Medicine.
Immunohistochemical analysis
Indirect immunohistochemical staining was performed using the following primary antibodies: polyclonal anti-nestin (1:20, IBL, Gunma, Japan), monoclonal anti-melanosome (clone HMB-45, undiluted, Dako, Glostrup, Denmark) and polyclonal anti-S100 (1:400, Dako). Bound primary antibodies were detected using the dextran polymer reagent (ChemMate Envision, Dako). Following deparaffinization, rehydration and elimination of endogenous peroxidase activity by treatment with 3% hydrogen peroxide for 5 min at room temperature (RT), sections were incubated with 5% fetal calf serum in PBS for 5 min at RT to block non-specific protein binding. The sections were incubated with each antibody for 60 min and then with ChemMate Envision for 30 min at RT. Finally, the color reaction was developed with 8-amino-9-ethylcarbazole solution (Dako) and the sections counterstained with Mayer's hematoxylin (Wako Pure Chemical, Osaka, Japan). S100 protein staining was considered positive when definite expression was observed in the nucleus and/or cytoplasm of > 5% of tumor cells, while HMB-45 and nestin staining was considered positive when definite expression was observed in the cytoplasm of tumor cells. The slide of Nestin staining was evaluated according to staining extent and intensity. Staining extension was assessed by the percentage of stained cells and scored semi-quantitatively, using a 0 to 4 scale for expression: 0 = no expression; 1+ = 1-25%, 2+ = 26-50%, 3+ = 51-75%, 4+ = 76-100%. Staining intensity was categorized into three groups by comparing the staining intensity of tumor cells with vascular endothelial cells: 1+ = weaker than endothelial cells; 2+ = same as endothelial cells; and 3+ = stronger than endothelial cells. By adding the staining extensity and intensity scores, the combined scores were calculated. The combined scores were then divided into 4 groups: Negative = combined score 0; weak staining = combined score 2, moderate staining = combined scores 3-4; strong staining = combine scores 5-7 [10] .
Analysis of clinical parameters
The overall survival of the patients among the 6 groups was analyzed using the Kaplan-Meier method, Z-test and Fisher's exact test. Values < 0.05 were considered statistically significant.
Results
Immunohistochemical analysis
The expression of S100 protein was detected in the nucleus and 
Discussion
Nestin is a neural stem cell marker protein that is also expressed in hair follicle stem cells in the bulge region [5] [6] [7] [8] [9] . The nestin-expressing hair follicle stem cells give rise to the outer root sheath and the nestin-expressing interfollicular vascular network in nestin-GFP transgenic mice [6] . We have recently demonstrated that nestin-expressing stem cells isolated from the hair follicle stem cell region in mice that were negative for the keratinocyte marker K15 were able to differentiate into neurons, glia, keratinocytes, smooth muscle cells and melanocytes in vitro [5] [6] [7] [8] [9] . In addition to being K15-negative, the pluripotent nestinexpressing stem cells are also positive for the stem cell marker CD34, demonstrating their relatively undifferentiated state. This primitive state of the nestin-expressing stem cells appears to be compatible with their pluripotency [6] [7] [8] [9] . Recently, numerous studies have suggested that various forms of cutaneous tumors, including melanoma, originate from the hair follicle and epidermal stem cells. Brychtova et al. [11] demonstrated via immunohistochemical analysis that nestin is expressed in malignant melanoma and melanocytic nevi. They also demonstrated that nestin immunoreactivity was significantly increased in malignant melanomas, and that the precise levels of nestin correlated with the clinical stage of the tumor. Moreover, immunohistochemical analysis demonstrated nestin-positive cells in 35 of 42 (83.3%) nodular melanomas, 10 of 32 (31.3%) superficial spreading melanomas, 10 of 12 (83.3%) metastatic melanomas, 2 of 10 (20.0%) dysplastic nevi and 20 of 43 (46.5%) nevomelanocytic nevi [12] . Thus, the expression levels of nestin significantly correlate with the aggressiveness of malignant melanoma [13] . In addition, a significantly greater percentage of CD166-, CD133-and nestin-positive tumor cells were identified in malignant melanomas compared to nevomelanocytic nevi, while all cases of metastatic melanoma expressed at least one stem cell marker. However, statistical significance for nestin expression was only detected between the primary and metastatic melanomas [13] . Moreover, nestin expression has not been observed in HMB-45-negative melanotic and amelanotic malignant melanomas [12] . As the precise diagnosis of HMB-45-negative malignant melanoma is clinically most important, we investigated the relationship between nestin expression and melanoma class in the present study. We found that nestin was a useful marker for the diagnosis of HMB-45-negative malignant melanoma. Tumor cells in epidermal lesions that also expressed melanin failed to express nestin. This result correlated with previous studies demonstrating that tumor cells proliferating into the dermis, especially within the invasive front, lacked melanin and expressed nestin [12] . Xu et al. evaluated the reactivity of a panel of antibodies against markers associated with melanoma and melanocytic differentiation in HMB-45-negative, non-desmoplastic melanomas. They concluded that melanoma antigen 1 (MAGE-1), melanocyte-specific transcription factor (MITF), tyrosinase and Melan-A served as useful markers for the diagnosis of malignant melanotic lesions when HMB-45 is not present [14] . In contrast, we reported the presence of Melan-A in Thus, nestin may be a useful marker of HMB-45-negative melanoma cells in dermal lesions of melanotic and amelanotic nodular malignant melanomas [12] . Recently, Flammiger et al. described that the intermediate filament protein and stem cell marker nestin, as well as the lineage restricted transcription factors BRN2, SOX9, and SOX10, are expressed in melanoma cell lines of all progression stages as well as in melanoma tissues, and that SOX9 and SOX10 but not BRN2 can alter nestin expression in melanoma [15] . And Bakos et al. demonstrated that nestin and SOX9 expression are increased, respectively, in ulcerated melanomas and advanced-stage melanoma, and may be markers of tumor aggressiveness [16] . In addition, Yang et al. suggested that the expression of nestin may play an important role in the development of some neoplasms, such as GIST and angiosarcoma.
In the present study, we investigated the relationship between nestin expression and patient outcome in malignant melanomas. We found that nestin, HMB-45 and S100 protein were detected in 56.5%, 88.4% and 100% of malignant melanomas, respectively. The 5-year survival rates of stages I and II nestin-positive cases was significantly decreased compared to the nestin-negative cases (p < 0.05). In addition, the 5-year survival rates were 100% in nestin-negative malignant melanomas at all stages of tumor development. We conclude that nestin expression may be a predictor of poor prognosis in patients with malignant melanoma.
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